Purpose Although Sjögren's syndrome (SS) is the most common disease causing xerostomia, autoimmune thyroid diseases can also affect the salivary glands. The aim of our study was to estimate the prevalence of thyroid diseases (TD) in subjects with symptoms of xerostomia and evaluate the efficacy of salivary gland scintigraphy (SGS) in the detection of TD in patients with SS and without SS. Methods We retrospectively reviewed the SGS findings of 173 subjects (men:women, 29:144) with symptoms of xerostomia. Ejection fractions (EF) in the parotid and submandibular glands were calculated. Thyroid disease was diagnosed on the basis of the results of the visual assessment of tracer uptake in the thyroid gland on SGS images as well as serological thyroid function tests. Results Based on the American-European Criteria, 94 patients were diagnosed with SS. Hashimoto's thyroiditis was diagnosed in 63 patients, subacute thyroiditis in 23, subclinical hypothyroidism in five, and Graves' disease in one. There were significant differences in the EF values of the parotid and submandibular glands between patients with TD and those with undetermined diagnoses. Conclusions More than half of patients with xerostomia exhibited TD. Thyroid assessment by SGS is feasible, and SGS appears to be useful for the patients with xerostomia caused by TD. SGS may be the first imaging modality capable of evaluating both salivary gland function and thyroid gland status in patients with xerostomia. This strategy would make the requirement for additional workup for thyroid disease.
Introduction
The salivary glands are responsible for the production and secretion of saliva, which protects and maintains the integrity and lubrication of the oral mucous membrane. Saliva has direct antifungal, antibacterial, and antiviral activities and a buffering capacity for the maintenance of optimal oral pH and tooth integrity [1] . Dysfunction of the salivary glands is a principal feature of xerostomia, a condition which can cause impairments in the sense of taste, speech difficulties, an alteration in eating habits, increased susceptibility to tooth decay, and opportunistic infections of the oral cavity [2] .
Xerostomia is a multifactorial condition most commonly caused by an adverse drug reaction. Sjögren's syndrome (SS), sarcoidosis, amyloidosis, human immunodeficiency virus (HIV), Epstein-Barr virus, hepatitis C virus infections, diabetes mellitus, chronic renal failure, primary biliary cirrhosis, chronic pancreatitis, radiotherapy, chemotherapy, and chronic graft-versus-host disease are other possible etiologies [3] . Sjögren's syndrome, a chronic autoimmune disorder that affects the exocrine glands, is the most common disease causing xerostomia [4, 5] . Although the disease primarily affects the salivary and lacrimal glands in the early stages, it can subsequently involve other organs or systems of the body, such as the thyroid gland, lungs, kidneys, and the circulatory and central nervous systems [6] .
The thyroid gland, in particular, is histologically similar to the lacrimal and salivary glands. Therefore, the coexistence of thyroid diseases (TD) in patients with SS and vice versa has often been reported [7] [8] [9] . The presence of common pathophysiological operating mechanisms between SS and TD is strongly supported by the shared genetic and immunopathological characteristics such as common periepithelial lymphocytic infiltration, oligoclonal B-cell expansion, and human leukocyte antigen (HLA) [7] . One-third of patients with TD may have symptoms of xerostomia and approximately 10 % of patients with anti-nuclear antibody (ANA)-positive autoimmune thyroiditis fulfill the criteria for the diagnosis of SS [5, 10] . In a previous study, patients with TD who also had xerostomia were reported to exhibit significantly poorer salivary gland function than patients with TD without xerostomia and healthy controls [1] . In addition, almost 60 % of patients who present with xerostomia and fibromyalgia-related symptoms exhibit serum thyroid autoantibodies [11] .
Salivary gland scintigraphy (SGS) with technetium (Tc)-99 m pertechnetate has been widely used in evaluating the function of the salivary glands in patients with xerostomia [12] . This imaging modality plays a substantial role not only in the diagnosis of diseases that affect the salivary glands, it also aids in determining their functional status. SGS, a non-invasive imaging technique, which can be performed easily and quickly, is associated with low radiation exposure, does not interfere with the normal physiology of the body, and is well tolerated by patients [13] . Thyroid scintigraphy with Tc-99 m pertechnetate has been widely used for the assessment of thyroid function in patients with TD [14] . As SGS employs the same radiotracer as thyroid scintigraphy, the former can be used for the assessment of TD in cases where the thyroid gland remains in the imaging field of view [15] . Several studies have used SGS for the assessment of patients with SS or TD [12] [13] [14] [15] [16] . However, to our knowledge, no study to date has reported the scintigraphy findings of the thyroid gland in patients with xerostomia using SGS.
The aim of the present study was to estimate the prevalence of TD in patients with symptoms of xerostomia, and evaluate the efficacy of SGS in the assessment of TD in these patients.
Materials and Methods

Patients
A total of 179 patients with symptoms of xerostomia were referred to the Department of Nuclear Medicine for SGS evaluation for suspected SS between January 2012 and December 2013. Drug-induced xerostomia was clinically ruled out in all patients. Patients with a history of radiation therapy (n = 1) or surgery for head and neck tumors (n = 3), including thyroid cancer, were excluded. Additionally, two patients were excluded because their SGS images did not include the thyroid gland in the field of view. Finally, 173 patients (women, 144; men, 29; mean age, 53.3 ± 13.3 years) were enrolled in this study, which was approved by the ethics committee of the hospital.
Diagnosis of Thyroid Disease
Patients were clinically diagnosed with TD on the basis of their scintigraphy patterns as well as available medical history and physical and biochemical data. As diagnosis of TD using SGS has already been reported in previous studies [14, 15, 17] , we evaluated the scintigraphy patterns of the thyroid gland on SGS images. The intensity and size of the tracer uptake in the thyroid gland were categorized as increased, normal, or decreased. Biochemical data, including the levels of thyroid-stimulating hormone (TSH), triiodothyronine (T3), free thyroxine (fT4), and TSH receptor (TSH-R) and thyroid peroxidase (TPO) antibodies, were obtained through laboratory tests.
An accurate differential diagnosis was made in accordance with the reviews and guidelines for scintigraphic evaluation of TD [18] [19] [20] [21] . Table 1 presents the differential diagnoses of TD based on certain imaging findings. Graves' disease was diagnosed when the patient was biochemically hyperthyroid with high levels of thyroid stimulating autoantibodies and increased thyroid uptake. Recovery phase of subacute thyroiditis was diagnosed when the patient showed increased thyroid uptake on the scan and, on the other hand, demonstrated biochemically euthyroid status. Acute phase of subacute thyroiditis was diagnosed when the patient showed decreased thyroid uptake on the scan and demonstrated biochemically hyperthyroid status. Hashimoto's thyroiditis was diagnosed when the patient demonstrated biochemically euthyroid status with positive anti-thyroid autoantibodies or hypothyroid except subclinical hypothyroidism. Subclinical hypothyroidism was defined as an increase in the TSH levels beyond the upper limit of the reference range, with normal fT4 levels and thyroid uptake. Subclinical hyperthyroidism was defined as a decrease in the serum TSH levels below the reference range, with normal serum fT4 and T3 levels and normal thyroid uptake [22] .
The serum TSH levels (reference range, 0.3-4.0 μIU/ m L ) w e r e m e a s u r e d u s i n g a c o m m e r c i a l immunoradiometric assay kit (TSH 1 RIA, B·R·A·H·M· S, Hennigsdorf, Germany). The serum T3 and fT4 levels (reference ranges, 0.6-1.9 ng/mL and 0.8-1.8 ng/dL, respectively) were measured using radioimmunoassay kits (RIA-gnost® T3, Cisbio, Bedford, MA, USA and FT4 RIA Kit, Beckman Coulter, Brea, CA, USA, respectively). The TSH-R antibody levels (reference range, 0-1.0 IU/L) were measured using a radioreceptor assay kit (TRAK human RIA, B·R·A·H·M·S, Hennigsdorf, Germany) and the TPO antibody levels (reference range, 0-60 U/mL) were measured using a radioimmunoassay kit (anti-TPO n RIA, B·R·A·H·M·S, Hennigsdorf, Germany).
Diagnosis of Sjögren's Syndrome
Patients were clinically diagnosed with SS on the basis of their medical history as well as the results of physical and laboratory examinations, including labial salivary gland biopsy [23] . The functional status of the lacrimal and salivary glands was analyzed by the Schirmer-I and break-up time (BUT) tests, Oxford staining scores, SGS, and laboratory tests including anti-SSA/Ro and anti-SSB/La antibody assays. Keratoconjunctivitis sicca (KCS) was diagnosed when the results of the Schirmer-I (<10 mm/5 min), BUT (<10 s), and/or fluorescein tests were positive. The labial salivary glands were biopsied according to the standard method. A small ellipsoid incision was made in the lower lip mucosa, and a small sample of the submucosal tissue and several minor salivary glands were removed. The biopsy samples were processed per routine procedure using hematoxylin and eosin stains, examined by standard light microscopy, and assigned positive, negative, or nondiagnostic results [24] . The anti-SSA/Ro and anti-SSB/La antibody concentrations were measured using enzymelinked immunosorbent assay (ELISA) kits (CHORUS SS-A a n d C H O R U S S S -B , r e s p e c t i v e l y ; D I E S S E , Monteriggioni, Italy).
Salivary Gland Scintigraphy
Salivary gland scintigraphy images were acquired using a dualhead gamma camera (Infinia II; GE Healthcare, Milwaukee, WI, USA) equipped with a low-energy, high-resolution, parallelhole collimator. The field of view of the SGS images of all patients covered the major salivary glands as well as the thyroid gland. Static images with 600,000 counts were acquired in the anterior view 20 min after the intravenous administration of 370 megabecquerel (MBq) Tc-99 m pertechnetate. Following this, static images in the right and left lateral planes were acquired with the same acquisition time as the anterior images. Salivary secretion was then stimulated with a sialagogue. Static images were acquired 10 min after sialagogue administration, with the same acquisition time as the initial static images (Fig. 1) . The static approach was chosen because dynamic SGS images are susceptible to artifacts caused by the movement of the patient during salivary gland stimulation. The images were digitally recorded in 128 × 128 matrices. The energy window around the 140 keV photo-peak of Tc-99 m was 15 %.
Visual Analysis
Two nuclear medicine physicians, blinded to the results of the clinical evaluation, visually analyzed the SGS images. The image reading was subjective, and grayscale/color bars were not used. Disagreements in their interpretation were resolved by a third nuclear medicine physician, who independently evaluated the images and helped establish the final interpretation. A 'normal' finding was defined as a prominent Tc-99 m pertechnetate uptake and prompt excretion of the tracer upon sialagogue stimulation at both the parotid and submandibular glands. An 'abnormal' finding was defined as a decreased uptake of the tracer and/or decreased excretion of the tracer upon sialagogue stimulation, at the parotid or submandibular glands [25] .
Semi-quantitative Analysis for Ejection Fraction of the Salivary Glands
Ovoid regions of interest (ROIs) were drawn over the right and left parotid (RP and LP) and submandibular Hashimoto's thyroiditis (n = 16) a Auto-Ab, autoantibodies including thyroid-stimulating hormone receptor and thyroid peroxidase antibodies (RS and LS) glands, as well as the background (BG), on the anterior static images obtained before and after sialagogue administration (Fig. 2) . The BG ROI was placed over the ipsilateral frontal region [12, 15, 26] . When a gland could not be visualized, the ROIs were drawn over the location of the parotid and submental area. In order to minimize the effect of size and increase reproducibility, we used the mean count per pixel value for each ROI. The ejection fraction (EF) expressed as a percentage for each salivary gland was calculated using the equation below. The BG counts were subtracted from the counts obtained for each gland, and the counts were all corrected for the decay of Tc-99 m pertechnetate.
The EF of the RP gland was calculated as: EF % ð Þ ¼ 100 Â RP counts before stimulation −RP counts after stimulation RP counts before stimulation
Statistical Analysis
All parameters are expressed as the mean ± standard deviation (SD). Analysis of the mean values and comparison of data between patients with SS and those with TD were performed using the Mann-Whitney test and Student's t-test. Nonparametric data comparisons were performed using the chisquare test. All statistical analyses were performed using Medcalc version 15.4 (Medcalc Software). All p-values were two-sided, and statistical significance was accepted at p < 0.05. Table 2 presents the characteristics of patients included in this study. Forty-one patients (23.7 %) had abnormal tracer uptake in the thyroid gland alone, 41 patients (23.7 %) had abnormal tracer uptake in the salivary gland alone, and 41 patients (23.7 %) had abnormal tracer uptake in both the thyroid gland and salivary gland. Overall, 92 patients (53.2 %) were diagnosed with TD at the initial examination for xerostomia. While 57 patients (32.9 %) exhibited both TD and SS, 35 (20.2 %) exhibited TD alone. In addition to the major symptoms of xerostomia, 65 patients presented with additional symptoms. Of the 65 patients, six complained of two or more additional symptoms. The most frequent symptom was arthralgia (n = 29), followed by discoloration of the fingers, symptoms associated with Raynaud's phenomenon (n = 10), depression (n = 9), oral ulcers (n = 9), fatigue (n = 4), neuropathic symptoms (n = 3), skin rashes (n = 2), myalgia (n = 2), anxiety (n = 1), photosensitivity (n = 1), and genital ulcers (n = 1).
Results
Scintigraphy Findings of the Thyroid Gland and Diagnosis of Thyroid Diseases
According to the visual assessment of the SGS images, 53 patients (30.6 %) exhibited diffusely increased tracer uptake in the thyroid gland, while 29 (16.8 %) exhibited diffusely decreased uptake (Fig. 3) . Of the 53 patients with increased thyroid uptake, 34 (n = 34/173; 19.7 %) and 18 (n = 18/173; 10.4 %) exhibited Hashimoto's and subacute thyroiditis, respectively, and one patient (n = 1/173; 0.6 %) was diagnosed with Graves' disease. Of the 29 patients with decreased thyroid uptake, 16 (n = 16/173; 9.2 %) and six (n = 6/173, 3.5 %) exhibited Hashimoto's and subacute thyroiditis, respectively, and seven patients (n = 7/173; 4.0 %) exhibited normal levels of thyroid hormone and antibodies. Of the 91 patients with normal thyroid uptake, 12 (n = 12/173; 6.9 %) and five (n = 5/173; 2.9 %) exhibited Hashimoto's thyroiditis and subclinical hypothyroidism, respectively, and 74 (n = 74/173; 42.8 %) exhibited normal levels of thyroid hormone. Figures 4 and 5 present the prevalence of various thyroid diseases in relation to thyroid uptake among patients with or without SS in this study. The sensitivity, specificity, positive predictive value (PPV), and negative predictive value (NPV) of SGS for the detection of TD were 81.5, 91.4, 91.5, and 81.3 %, respectively.
Scintigraphy Findings of the Salivary Glands and Diagnosis of Sjögren's Syndrome
The visual assessment of the SGS images revealed abnormal findings in the salivary glands of 82 patients (47.4 %), of whom, 73 were diagnosed with SS according to the AmericanEuropean Criteria [23] . The remaining nine patients exhibited decreased tracer uptake in one of the salivary glands; sialadenitis was confirmed upon histopathological examination in each case.
In patients with normal uptake in the salivary glands (n = 91/ 173; 52.6 %), 21 were clinically diagnosed as having SS. The sensitivity, specificity, PPV, and NPV of SGS for the diagnosis of SS were 77.7, 88.6, 89.0, and 76.9 %, respectively. Among patients included in this study, 94 (54.4 %) exhibited SS. The most frequent underlying autoimmune disease was systemic lupus erythematosus (SLE; n = 7), followed by rheumatoid arthritis (n = 5), interstitial lung disease (n = 2), systemic sclerosis (n = 2), autoimmune hepatitis (n = 2), and antineutrophil cytoplasmic antibody (ANCA)-associated vasculitis (n = 1). Among patients with SS, while 47 exhibited abnormal findings in the thyroid gland on SGS images (increased uptake, 32; decreased uptake, 15), 57 were diagnosed with TD. Among all patients included in this study, 131 complained of ocular symptoms of SS, 56 exhibited ocular signs, 59 were positive for anti-SSA/Ro and/or anti-SSB/La antibodies, and 45 demonstrated positive pathologic findings in the labial biopsy. Table 3 presents the comparison of EF between patients with TD and those with an undetermined diagnosis (i.e., patients who were not diagnosed with either SS or TD), and patients with SS and TD and those with SS without TD. There were significant differences in the EF values of the parotid and SGS salivary gland scintigraphy submandibular glands between patients with TD and those with an undetermined diagnosis (p < 0.05; Fig. 6 ). However, the differences in EF values between patients with SS with and without TD were not statistically significant (p > 0.05).
Ejection Fraction
Discussion
Although SS, a chronic autoimmune disorder affecting the exocrine glands, is the most common causal disease of xerostomia [4, 5] , patients with TD with xerostomia have also been reported to exhibit relatively poor salivary function [1] .
In the present study, 53.2 % of the patients with xerostomia
were diagnosed with TD, of whom, 62.0 % also exhibited SS, while 38.0 % had TD alone. In other words, 44.3 % of patients had TD without SS. Of patients with TD, 30.4 % had Hashimoto's thyroiditis, 10.1 % had subacute thyroiditis, 2.5 % had subclinical hypothyroidism, and 1.3 % had Graves' disease. Milic et al. reported a prevalence of Hashimoto's thyroiditis of 25.4 % in subjects with symptoms of xerostomia without SS (n = 59) [27] ; however, the authors did not evaluate other TD, such as subacute thyroiditis or subclinical hypothyroidism, and diagnosed using only laboratory tests. To the best of our knowledge, the present study is the first to report the scintigraphy findings of the thyroid gland in patients with xerostomia using SGS. Thyroid diseases can affect the salivary function through a number of mechanisms. As patients with TD exhibit periepithelial lymphocytic infiltration and oligoclonal B-cell expansion, similar to patients with SS, the extrathyroidal manifestation of TD can directly affect the salivary function [7] . Additionally, TD can also affect the salivary function when patients with TD develop SS. Previous studies have reported that patients with TD exhibit relatively high concentrations of antinuclear antibodies and are at a high risk for developing systemic autoimmune diseases such as SS [9, 10] . In another study, half of the 176 patients with TD were reported as fulfilling the criteria for the diagnosis of SS [28] . The results of the present study were comparable to those of previous studies in the fact that we found significant differences in the salivary function between patients with TD and those with an undetermined diagnosis. Among the latter patients, the mean EF of the RP gland was lower compared with that of the LP gland (55.5 vs. 59.0 %); however, the difference was barely not significant (p = 0.0498), possibly because patients in this group had sialadenitis in the RP gland and exhibited asymmetric EF values, i.e., 5−22 %.
Conversely, SS can subsequently involve the thyroid gland [6] . However, in the present study, the presence of TD in patients with SS did not affect the salivary function. The results of previous hormonal and immunological studies revealed a high prevalence (36-45 %) of TD in patients with primary SS (pSS) [29] [30] [31] . However, since these hormonal and immunological examinations were limited in terms of the detection of seronegative thyroiditis, the prevalence might have been underestimated [32] . Since the present study involved a scintigraphic assessment as well as laboratory tests, the sensitivity of diagnosis of TD was relatively high; therefore, our reported prevalence of TD in patients with pSS (53.3 %) could be reasonable.
The coexistence of SS with TD indicates the importance of the contribution of endocrine signals in the pathogenesis and clinical expression of pSS, suggesting the role of hormonal therapy as a potential therapeutic strategy in these patients [5] . In addition, patients with SS and TD have an increased risk of lymphoproliferative disorders, especially non-Hodgkin's lymphoma of the mucosa-associated lymphoid tissue (MALT) [34] . In some cases, it can be difficult to clearly establish whether the salivary and ocular involvement of SS are an extrathyroidal manifestation of TD or, conversely, an extra-exocrine manifestation of SS [8] . Our results (Supplementary data), which indicate no significant difference in the frequency of clinical features between patients with SS without and with TD, support the former premise. Owing to similarity in clinical findings, TD could be misdiagnosed as SS and vice versa. Additionally, we found no significant difference in the prevalence of TD between patients with pSS and those with xerostomia without SS (53.3 vs. 43.0 %; p = 0.2638). The prevalence of TD appears high enough to warrant that investigations be undertaken to rule out TD in patients with xerostomia without SS. Therefore, symptoms of xerostomia should always be seriously considered as possible signs of TD. Periodic screening for thyroid function in adult women with SS, even in the absence of typical symptoms of TD, as well as for the possible coexistence of SS in women with TD, could be useful [33] . In fact, SGS, which is a noninvasive, safe, and convenient diagnostic imaging technique, can be used for the assessment of the salivary gland morphology and function. In addition, SGS will lead to performance of further thyroid evaluation in patients with abnormal thyroid uptake.
Our study has several limitations, including its retrospective design and inherent selection biases. Although the results of the thyroid scan and thyroid function test facilitate diagnosis of thyroid disease, additional findings from ultrasonography, histopathological investigations, and follow-up thyroid scan might help to diagnose TD. The retrospective design of the current study may be a limitation because we only reviewed the medical records. With the best information that we could obtain from the source, we categorized the thyroid status of each patient on the basis of previously published diagnostic criteria [21] and articles [18] [19] [20] . Although the patients were probable to be misdiagnosed with different thyroid disease, it was certain that the patients had TD. In order to minimize the proportion of misdiagnosing, a prospective large study is needed.
In the present study, the salivary gland function was evaluated on the basis of a parameter calculated using simple methods. We only calculated EF as a quantitative measure of the salivary gland function. The reason for the selection of such simple evaluation methods was their routine use in our department. Since this study involved a retrospective review of medical records and SGS data, images of the syringe before and after tracer administration could not be obtained; therefore, we were unable to calculate the absolute Tc-99 m uptake of the salivary and thyroid glands. Further studies are necessary to define a standard protocol with high diagnostic accuracy for the quantitative evaluation of the salivary gland function and thyroid uptake.
Conclusion
In the present study, more than half of the patients with xerostomia presented with TD; specifically, 60.6 % of patients with SS and 44.3 % of patients with xerostomia without SS were diagnosed with TD. The symptoms of xerostomia should be considered seriously as possible signs of TD. Thyroid assessment by SGS is feasible, and SGS appears to be useful for the evaluation of TD in patients with xerostomia caused by TD. Therefore, during the interpretation of SGS findings in patients with xerostomia, tracer uptake in the thyroid gland should not be overlooked. This strategy would make the requirement for additional work-up for thyroid disease in these patients. 
